Bhutan is a tiny kingdom nested in the fragile ecosystem of the eastern Himalayan range, with urbanisation striding at a rapid rate. To the global community, Bhutan is known for its Gross National Happiness (GNH), which in many ways is an expression of the Sustainable Development concept. Bhutan is less known for its policy of being carbon neutral, which has been in place since the 15th session of the Conference of Parties meeting in 2009 and was reiterated in their Nationally Determined Contribution with the Paris Agreement. Bhutan achieves its carbon neutral status through its hydro power and forest cover. Like most emerging countries, Bhutan wants to increase its wealth and become a middle income country by 2020, as well as increase its GNH. This article looks at the planning options to integrate the three core national goals of GNH, economic growth (GDP) and greenhouse gas (GHG). We investigate whether Bhutan can contribute to the 1.5°C agenda through its 'zero carbon commitment' as well as growing in GDP and improving GNH. Using the Long-range Energy Alternatives Planning model, this article shows that carbon neutral status would be broken by 2037 or 2044 under a high GDP economic outlook, as well as a business as usual scenario. National and urban policy interventions are thus required to maintain carbon neutral status. Key areas of transport and industry are examined under two alternative scenarios and these are feasible to integrate the three goals of GHG, GDP and GNH. Power can be kept carbon neutral relatively easily through modest increases in hydro. The biggest issue is to electrify the transport system and plans are being developed to electrify both freight and passenger transport.
Introduction
Human society is gradually becoming an urbanised habitat (UN-DESA, 2014 ) and rapid urbanisation is expected to concentrate energy demand in cities (Newton & Newman, 2013) . Urban centres are being recognised as a place for population and economic growth (GDP) (Jiang & O'Neill, 2017) . As nations around the world urbanise, reducing greenhouse gas (GHG) emissions will become more critical, which is at the heart of climate policy ever since the establishment of the United Nations Framework Conventions on Climate Change (United Nations, 1992) . However, GHG emissions are fully integrated with the economy, hence reducing them is a critical threat to socio-economic development (IPCC, 2014) . Recent research argues for net zero emissions between 2045 and 2060 to hold the global temperature rise below 1.5 ºC (Rogelj, Luderer, et al., 2015; Rogelj, Schaeffer, et al., 2015) , and the world's nations have committed to begin that journey in the Paris Agreement by making various pledges. Bhutan has pledged for carbon neutrality, which is a heavy commitment for an emerging nation. The question examined in this article is whether such a plan can be achieved along with Bhutan's other major commitments to growth in wealth and the social goals expressed in the unique Bhutan parameter of happiness, measured as Gross National Happiness (GNH).
A carbon budget for a 1.5°C consistent world is estimated at 365 Gigatonnes (Rogelj, Schaeffer, et al., 2015) . For Bhutan that can be considered as a tiny proportion of just 6.3 million tonnes, but the power of Bhutan's ability to integrate GNH, GDP and GHG emissions can send a strong message to the world. The issue examined in this article is whether such integrated goals are possible for an emerging nation like Bhutan.
GDP is well-known globally, but it is also often criticised for undermining socio-environmental issues. GHG is the primary cause of human induced climate change and is seen in most planning to be inconsistent with GDP, though possibilities of decoupling the two are now appearing (Newman, Beatley, & Boyer, 2017) . GNH is a development philosophy for which Bhutan is known to the outside world (Brooks, 2013; RGoB, 2012; Schroeder & Schroeder, 2014; Ura, 2015) . The term was first pronounced by the 4th king of Bhutan in the 1970s and it seeks to balance material and non-material development through the integration of its four pillars: sociocultural, economic, environment and good governance (Thinley, 2005; Ura, 2015) . Detailed narratives on GNH are provided elsewhere (Alkire, 2015 ; Centre for Bhutan Studies, 2012 Studies, , 2016 Thinley, 2005; Ura, 2015) and the importance of GNH to sustainable development and the Sustainable Development Goals (SDG's) is being recognized as well as suggesting potential conflicts with other national goals (Allison, 2012; Brooks, 2013; RGoB, 2012; Schroeder & Schroeder, 2014) . How these three goals can be integrated is an important element of Bhutan's planning.
The strong commitment to carbon neutrality is based in the culture of Bhutan. Bhutan is vulnerable to climate change due to low adaptation capacity (Bisht, 2013; NEC, 2011) and being located in the fragile mountainous ecosystem it is highly vulnerable to changes in climate. Thus the bold declaration made by Bhutan during COP15 was to remain carbon neutral for all time to come (NEC, 2011) . This was indeed visionary and was reiterated in their Intended Nationally Determined Contribution to the United Nations Framework Convention on Climate Change (UNFCCC) (RGoB, 2015) . The need to reduce GHG emissions is being acknowledged by Bhutan (GNHC, 2011; RGoB, 2015) and pursuing a low carbon economy is seen as an inevitable choice to achieve economic development in the face of climate change (Mulugetta & Urban, 2010) .
The planning scenarios examined in this article to enable the integration of these three goals inevitably must involve urban planning. Most new development in Bhutan, like all emerging countries, is in cities, especially the capital city of Thimphu. Urbanisation in Bhutan is projected to reach 77% by 2040 with many urban growth centres with implications for more travel demand (Asian Development Bank, 2011) . Urban planning will need to play a big part in how Bhutan achieves its goal of remaining carbon neutral while improving its GDP and GNH. Increases in the travel demand will lead to a rise in emissions from the transport sector unless travel demand can be carefully managed and there is a shift to carbon neutral fuels. This anticipated issue is of prime concern given that the petroleum products consumed in Bhutan are 100% imported and the transport sector is thus the major consumer of oil. The rising import of automobiles and fuels and their associated congestion and emissions remain a national concern (GNHC, 2011; NEC, 2011; RGoB, 2012) and will need to be addressed. This concern is not just in Bhutan, it is being felt globally. For instance, the need to cut emissions from the transport sector, which contributed to 23% of global GHG emissions is well acknowledged (IEA, 2016a) . How to deal with such critical issues are discussed in many forums including IPCC (2014) and Newman, Beatley and Boyer (2017) .
The United Nations Environment Programme 2011 recognises that environmental issues arise as a side effect of socio-economic activity in pursuing a desired goal. To this end, the UNEP (2014) acknowledges that there are more options to achieve significant decoupling if the aim is to increase wellbeing rather than just increasing GDP but of course these are all linked. To this end, the focus of the article is about how climate policy commitments may need to be adapted based on scenarios integrating the three key strategies around GHG, GDP and GNH. The article thus examines how Bhutan could leverage technological options and environmentally benign behaviour to achieve carbon neutral development through scenario-based LEAP modelling (see section 4 of this article).
The following sections provide background on the environmental stance and energy situation in Bhutan, the Bhutan-LEAP modelling, model results and discussions, concluding remarks and policy implications.
Environment and Human Wellbeing in Bhutan
A range of environmental issues are examined to show how interconnected they are with human wellbeing.
Bhutan's forest policy mandates minimum forest cover of 60%, which is now enshrined in its Constitution (RGoB, 2008) and encouragingly forest cover is being maintained at 71% (Ministry of Agriculture and Forestry, 2017) . Research has suggested this regulation as the key to successful conservation in Bhutan (Jadin, Meyfroidt, & Lambin, 2015) , while Buch-Hansen (1997) attributes environmental protection in Bhutan to their enlightened leadership and low population. Brooks (2010) applauds Bhutan as a living lab for integrated conservation and development. To this end environmental protection and wild life issues form some of the ecological indicators of the GNH index, which informs policy making in Bhutan. However forest conservation is encroaching on farm land and rising human-wildlife conflict is being faced by the Bhutanese farmers through loss of farm produce to wildlife where there is no formal compensation mechanism in place (Rinzin, 2006; Ura, 2015) . The issue of conservation and rural livelihood remains unresolved (Ura, 2015) and the topical discussion warrants separate research.
Taking GNH seriously, Bhutan conducted a national GNH survey over the two periods 1 -2010 and 2015-the GNH index has increased by 1.8% (Centre for Bhutan Studies, 2016) and its Human Development Index (HDI) also increased from 0.572 in 2010 to 0.607 in 2015 0.607 in (UNDP, 2016 . Over the past decades, Bhutan has witnessed an average GDP growth rate of 7.8% (National Statistics Bureau, 2015) . Extreme poverty in Bhutan is said to have been eliminated within the living memory of one generation (World Bank, 2014) . While Bhutan is a 36% urban population at present, it is expected to reach 77% by 2040 through urban expansion and also due to rural to urban migration (Asian Development Bank, 2011). For instance, the population of Thimphu-the largest urban centre in Bhutan-is expected to increase from 147,000 in 2015 to 300,000 in 2040 (Asian Development Bank, 2011). The Asian Development Bank attributes the rural to urban migration as a consequence of aspirations for a better lifestyle ensuing from better amenities in urban areas, which are called an 'urbanisation bonus' (Lin & Zhu, 2017) . However rapid urbanisation along with industrialization were seen as the drivers of GHG emissions in South Asian countries including Bhutan (Shrestha, Ahmed, Suphachalasai, & Lasco, 2013) . Furthermore, being in the fragile ecosystem of the Himalayan range, Bhutan is very much vulnerable to the impacts of global climate change (GNHC, 2011; Hoy, Katel, Thapa, Dendup, & Matschullat, 2015; NEC, 2011) . Bisht (2013) even suggests that climate change is the key determinant of Bhutan's future development and security. Climate change policy entails reducing GHG emissions. Plans for reducing GHG emissions centres around the energy mix and energy use, lifestyle, economic activities and land use forming the main drivers of anthropogenic GHG emissions (IPCC, 2014) . Considering the energy system as one of the key drivers of GHG emissions, a brief background of the current energy system of Bhutan is provided.
The energy mix in Bhutan comprises: hydropower (28%), biomass (36%) and fossil fuels (37%). At 42.86 kW/capita, Bhutan has the highest theoretical hydropower potential in South Asia (Shrestha et al., 2013) . However, the per capita energy consumption at 36 GJ (Department of Renewable Energy, 2015b) is 55% lower than that of the world average at 79 GJ (IEA, 2016b) suggesting there is potential to increase the hydropower side of the economy. The sectoral energy shares are shown in Figure 1 (Department of Renewable Energy, 2015b). Fossil fuels are predominantly used in transport and industry and their associated emissions could undermine any potential future carbon neutral pathway especially in the near future as the economy of Bhutan expands. The need to reduce GHG emissions is being acknowledged by Bhutan (GNHC, 2011; RGoB, 2015) and to this end a National Low Carbon Strategy has been developed (NEC, 2012) . However, the strategy document assumes demand saturation in the industry and transport sectors after 2020, thereby underestimating the challenges of the rising energy and emissions from these two sectors, the main contributors of GHG emissions in Bhutan. To this end the following section intends to highlight the challenges and opportunities to reduce GHG emissions in the two sectors-policy directions will be concluded after the scenario analysis. 
Challenges in the Transport and Industry Sectors
Between 2005 and 2014, energy demand in the transport and industry sectors grew at a compound annual growth rate of 9% and 11% respectively, whereas that of service and residential sectors grew at 4% and 1% respectively (Department of Renewable Energy, 2015b; DoE, 2007) . 2 At this growth rate, the transport and the industry sectors being major consumers of oil and coal have the potential to derail the carbon neutral pathway of Bhutan. This is the kind of issue faced by many emerging nations.
Furthermore, the transport and the industry sectors are considered to be hard to decarbonize (Rogelj, Luderer, et al., 2015) nonetheless it is not impossible. Industry can be electrified but transport will require a more complex set of urban planning policies.
1 There was a GNH index for 2008, however the survey conducted in 2007 for that index has been noted as a preliminary survey with fewer questions and covering fewer districts to collect feedback and further expand the questionnaires that were then used for the next two nationwide GNH survey (Centre for Bhutan Studies, 2012). 2 Authors' calculation based on the referenced sources.
Urban planning has developed an approach to promote pedestrianisation and bus based public transport in the urban areas of Bhutan (Asian Development Bank, 2011) and plans have been developed to electrify both freight and passenger transport in Bhutan (Hargroves, Gaudremeau, & and Tardif, 2017) . A study on transport electrification in Nepal (Shakya & Shrestha, 2011) , a neighbouring country to Bhutan with similar topography, found there were economic benefits, employment generation, enhanced energy security as well as beneficial environmental outcomes in such a policy. For carbon neutral transport, recent research has highlighted the need for radical changes both at the supply side and the demand side. Empirical studies at the global level have advocated rail based transport to reduce automobile dependence and associated emissions (Newman & Kenworthy, 2015; Newman, Kenworthy, & Glazebrook, 2013 ). found light rail to be feasible in medium sized towns in central Europe with a population between 100,000 to 300,000 and there are many cities with population just over 100,000 having such rail systems as a successful mode of transportation . The above approaches to urban planning will be included in the modelling outlined below.
With this as background the article will now show how the complex integration of GHG, GDP and GNH has been attempted as the basis of generating policy scenarios.
Methodology
This study expands on the Bhutan-LEAP model developed by Yangka, Newman and Rauland (2017) but with distinct scenario characterisation not covered in the previous work. LEAP stands for the Long-range Energy Alternative Planning system model, which is a flexible and user-friendly energy-environmental planning tool developed and licensed by the Stockholm Environment Institute (Heaps, 2016) . However, LEAP is not a climate simulation model having earth system dynamics, though it is being used to assess climate policy through scenariobased energy system analyses and associated GHG emissions. For instance it is widely used for climate policy assessment and low emission development notably in developing countries (Kumar & Madlener, 2016; Ouedraogo, 2017; Sadri, Ardehali, & Amirnekooei, 2014; Shakya, 2016) . The scope of an energy model is inherently vast (Nakata, Silva, & Rodionov, 2011) , it is limited by the research questions that are being evaluated and the scenarios that are being formulated to address those queries. Once a database is developed, any pertinent issue can be studied within the scope and limitations of the model. This study used a scenario-based long term energy-economy modelling, which is acknowledged as an important method to explore uncertainties in the future (O'Neill et al., 2017) . The alternative scenarios were formulated to address the present research objective.
Structure of Bhutan-LEAP Model
Bhutan-LEAP model was structured into key assumptions, demand branch, resource branch and non-energy branch. The planning horizon extends from 2014 to 2050. The demand branch is comprised of transport, industry, residential and service sectors to account for energy consumption and associated GHG emissions, and to study plausible policy interventions to contain the rising emission levels. Further disaggregation to sub-sector levels were limited by data availability. For instance, the tourism sector 3 wasn't shown as a separate sector in the model due to lack of data on energy consumption specific to the tourism sector. However, the service sector shown in the model includes the commercial sector (such as hotels and restaurants) which are impacted by the number of tourists (NSB, 2017) , suggesting that the energy consumption under the service sector can be assumed to include energy consumption by the tourists visiting Bhutan. Furthermore, energy consumption in air transport can also be assumed to be impacted by the tourists coming to Bhutan given that 2/3rd of the flight passengers are tourists (Asian Development Bank, 2011).
General Assumptions
In this study a discount rate of 10% was used, consistent with that used in earlier studies and furthermore, a discount rate of 10% is mentioned as a global average opportunity cost of capital in a study on low carbon development for India conducted by World Bank (Gaba, Cormier, & Rogers, 2011) . Considering forest cover of Bhutan as a carbon sink, for accounting purposes the emissions from wood-based energy consumption were accounted as positive rather than as a carbon neutral energy source. The emission factors for the demand technologies and the fuels were referred from the Technology and Emission Database of the LEAP model provided by SEI (Heaps, 2016) . The emissions from waste disposal and agricultural activities-farming and livestock rearing-were accounted for under 'non-energy'. The amount of waste generation and disposal were assumed to increase along with urbanisation, whereas emissions from agriculture were assumed to remain constant as per the past trend (NEC, 2011) . This assumption is plausible due to the ongoing rural to urban migration that is causing decline in the farming activities and livestock rearing. Furthermore, the amount of agricultural land in Bhutan is limited due to topography and forest conservation.
Paucity of data on long term macroeconomic parameters, cost and technological datasets for various demand technologies poses a daunting task, hence surrogate data from the literature were imputed and adapted, with consequent implications for the model results. In this regard, higher confidence levels could be placed on the data that were sourced from Bhutan specific studies.
Distinct Features of Bhutan's Energy System
From a modelling perspective, the energy system in Bhutan is relatively simple in that the energy supply side does not have the complex fossil fuel extraction and conversion processes except for limited coal mining and the hydropower system. Similarly, there is no rail system or transport using water ways and limited domestic air ways. Furthermore, accounting for primary energy supply and final energy consumption are similar except for the transformational losses occurring in the electricity system (Yangka & Diesendorf, 2016) . Bhutan neither has oil reserves nor oil refineries, thus petroleum products consumed in the demand sectors are 100% imported.
Projection of Energy Demand and Energy Prices
Future prices for petroleum products, which are 100% imported from India were assumed to follow the international oil price and thus indexed to the price changes calculated from future oil price projection done by the US-Department of Energy (US Energy Information Administration, 2016). Oil import dependency of India itself is expected to increase from 74% in 2013 to 91% by 2040 (IEA, 2015) . Bamboo chips and wood charcoal which are mostly imported from India for use in the Industry sector were assumed to rise at 4.1% per annum (Feuerbacher, Siebold, Chhetri, Lippert, & Sander, 2016) . The projected energy prices and end-use energy services in the four sectors are provided in the Annex.
The end-use energy services such as the heating, cooking, passenger travel, freight travel, which drives the corresponding energy demand are projected through the expression builder 4 under the activity variable of the demand module of the LEAP model.
Scenario Storyline
This article formulated two base scenarios and two corresponding alternative scenarios. The two base scenarios are: the Business as Usual (BAU) trajectory and a trajectory based on high GDP (HGDP). Their characterisation and key features are provided in Table 1 . The two alternative scenarios intend to investigate the future that Bhutan aspires to-societal happiness within net zero greenhouse emissions reflecting carbon neutral development in a GNH state. These alternative scenarios attempt to contain the rising emissions from the BAU and the HGDP scenarios within the carbon sink capacity available for Bhutan. The storyline acknowledges that human settlements are sooner or later expected to be largely urbanised (Jiang & O'Neill, 2017; Newton & Newman, 2015) .
The alternative scenarios are designated as Knowledge-Based Society (KBS) and GNH society, which are outlined in sub-sections 5.1 and 5.2 of this article. The GNH scenario is inherited 5 from the BAU scenario, while the KBS scenario is inherited from the HGDP scenario. Under these two alternative scenarios, a case study, with and without light rail transport, was also conducted to examine how light rail can support the carbon neutral pathway of Bhutan.
Wealthier and Knowledge Based Society (KBS)
This scenario imagines human settlements in Bhutan moving towards a greater proportion knowledge based economic activity in urban society during the later part of the planning horizon and enjoying a high economic outlook as a result of this. The Bhutanese society is likely to embrace such knowledge economy goals which include walking and public transport based on light rail and aggressive expansion of electric vehicles (Newman & Kenworthy, 2015) . Such economic activity is less intensive in both energy and emissions. Being a KBS, the contribution of the service sector to the national GDP increases while that from the Industry sector decreases. The specificities of this scenario were outlined under Table 1.
GNH Based Society
This scenario contemplates a happy society derived from community vibrancy and symbiotic relationships between the human and the natural world, manifesting the essence of GNH-balancing material and spiritual development and co-existing with nature. The economic pathway under this scenario is assumed to follow the GDP growth rate of the BAU scenario (7.8% growth rate in the medium term and sustaining at 5.6% growth rate by 2050). Community vibrancy is defined as the people adopting the walking and public transport system. Harmony with nature is defined as less polluting and with more efficient socioeconomic activities including more knowledge-based activity. These definitions are for modelling purpose only. Similar to the KBS scenario, the specificities of this scenario were outlined under Table 1. While this is an initial attempt to construct scenarios around some key features of the GNH, there is no way to incorporate the entirety of GNH into the modelling work. We expect future work to expand on this.
Results and Discussion
The model results for the BAU scenario and the alternative scenarios are presented and synthesised with relevance to the 1.5°C climate consistent world. The results discussed in the following section do pose a certain level of uncertainty attributable to the assumptions of the key variables, use of data which were adopted from various sources, the projection methods for energy demand and energy prices. The study also does not analyse possible uncertainties associated with the carbon sink capacity of the forest cover over the planning period.
Energy Demand and Decarbonisation Rate
Since there are no major differences between the total primary energy supply (TPES) and the total final energy consumption (TFEC) in Bhutan (see sub-section 4.3 of this article), the results and discussion are focussed on TFEC. The final energy consumption exhibits a compound annual growth rate of 5%, 4.3%, 6.4% and 5.3% under the BAU, GNH, HGDP and KBS scenarios respectively. Over the planning period, the energy mix varies among the three major energy groups as shown in Figure 2 . The three major energy groups being: 1) fossil energy, 2) biomass, and 3) electricity (which is essentially hydropower). Substantial variations in the energy mix are observed. For instance, in the base year, biomass dominates the fuel mix at 41%, while fossil energy dominates the fuel mix under both the BAU and the HGDP scenarios by 2050. Not surprisingly, hydropower dominates the fuel mix under the GNH and KBS scenarios by 2050 contributing to 48% and 61% of the final energy demand respectively. The carbon intensity of the final energy demand at 86.41kgCO 2 eq/GJ in 2014, which is lower than that of the present world average at 90kgCO 2 /GJ (Rogelj, Luderer, et al., 2015) steadily decreases over the planning period under all the four scenarios. For instance, by 2050 the carbon intensity decreases to 52.55kgCO 2 eq/GJ under the BAU scenario, further decreasing to 33.71kgCO 2 eq/GJ under the KBS scenario. Interestingly under the KBS scenario, the energy system of Bhutan exhibits a decarbonisation rate of 2.6% per year, which is well within the range of 2% to 2.8% per year proposed for a 1.5°C consistent world (Rogelj, Luderer, et al., 2015) .
Emissions Trajectory
Variations in the energy mix discussed in sub-section 6.1 lead to variations in the emissions levels over the planning period under the four different scenarios; these are shown in Figure 3 . Figure 3 shows that the non-energy sector was the dominant contributor of emissions in 2014, however over the planning horizon oil products and solid fuels become the major contributor to the total CO 2 eq emissions. Oil products are mostly consumed in the transport sector, while solid fuels are mostly consumed in the industry sector. This suggest a strong rationale for policy intervention in these two sectors and this article does this with a focus on the transport sector. The two alternative scenarios, KBS and GNH demonstrate the possibility of reducing the dependency on oil products and solid fuels through efficiency improvement in the industry sector and technological changes (switching to electric power) and modal shifting in the transport sector.
The emission trajectories under the four scenarios are shown in Figure 4 . The emission level exceeds the sink capacity by 2037 and 2044 under the HGDP and BAU scenarios respectively, indicating the need for policy intervention in order to maintain carbon neutrality as the economy expands over the planning horizon. Under the KBS and GNH scenarios, which are the corresponding emission reduction measures for their parent scenarios, the emissions levels were contained below the sink capacity. Compared to their parent scenarios, cumulative emissions reduce by 34% and 22% under the KBS and GNH scenarios. However, such emissions reduction entails adopting efficient and cleaner technologies in the demand sectors with financial implications, which is discussed under sub-section 6.3 of this article.
Although the total emissions increases, the carbon intensity of the Bhutanese economy steadily declines Final energy consumpƟon by fuel group, 10^6 GJ as shown in Figure 5 , demonstrating the potential for a relative decoupling of GDP from environmental pressure, though absolute decoupling will require entirely replacing fossil fuels with renewables-based transport and industry. For instance, under the KBS scenario the carbon intensity of the economy decreases from 2.68kgCO 2 eq/US$ in 2014 to 0.47kgCO 2 eq/US$ by 2050, showing an improvement of 4.7%/year over the planning period. Such rapid reduction in the carbon intensity is following global trends (Newman, Beatley, & Boyer, 2017) as well as including new technologies in the energy mix as discussed in Sub-Section 6.1.
The Cost of Taming the Rising Carbon
As discussed in Sub-Section 6.2, the KBS scenario limits the total CO 2 eq emission below the sink capacity despite high economic growth, similarly the GNH scenario holds the emission levels from a BAU pathway below the sink capacity. However, they entail transitioning to an efficient industrial production and preferences towards gradual electrification of the transport sector. But it comes with financial implications; there is a cost of carbon mitigation under the KBS scenario and savings from carbon mitigation under the GNH scenario relative to their parent scenarios, which were obtained from the cost-benefit summary report in the result module of LEAP. Table 2 shows the total discounted system cost and the cumulative CO 2 eq emissions under the four scenarios. The system cost comprises a demand cost, transformation cost and the net resource cost (cost of export less cost of import). Relative to their parent scenarios, under the two alternative scenarios cost incurred in the demand sector increases, while the cost of resource import decreases. This leads to financial saving of US$ 15.05/tCO 2 eq under the GNH scenario relative to its parent scenario, BAU. This portion of the result indicates that Bhutan can live up to its carbon neutral pledge with cleaner and advanced technological choices at no cost. However, under the KBS scenario, the cost of carbon mitigation relative to its parent scenario (i.e., HGDP scenario) amounts to US$ 2.67/t CO 2 eq. This translates to an additional cost of US$ 5.55 million per year over the planning period, forming 0.043% of the GDP in 2050, which is lower than that estimated for India at 1.5% (GoI, 2014) . The reason for the difference could be attributable to various assumptions in the model development and scenario characterisation. Notwithstanding this, pursuing a low carbon economy in India requires decarbonising their electricity sector, which is predominantly coal based, while in Bhutan clean hydropower is already the baseline electricity generation. With regard to the marginal abatement cost of carbon, a previous study conducted by the Asian Development Bank (Shrestha et al., 2013) for the South Asian countries showed that it varies from a saving of $72.8/tCO 2 eq to a cost as high as $417.7/tCO 2 eq depending on the fuel and the technology being substituted by their cleaner and more efficient counterparts. The additional cost under the KBS scenario suggests allocating the limited financial resources towards the carbon neutral goal that could compete with the budget for other pertinent socioeconomic developmental needs. The result supports the viewpoint of Flagg (2015) , who calls the carbon neutral pledge as a 'generous public good ' (p. 209) . However, in a carbon constrained world, where emission reduction targets are being accelerated following the Paris Agreement (UN Framework Convention on Climate Change, 2016), such additional costs could be met through the global carbon market.
Cost of Mitigation Measures in the Transport Sector
The KBS and the GNH scenarios assume that light rail meets 30% of passenger travel demand by 2050. However, electric vehicles were assumed to follow a different penetration rate in the two scenarios (see Table 1 ) to contain the corresponding emissions level below the sink capacity. In the GNH scenario, without calling in policies like developing an electric transport system, efficiency improvement in the four industry subsectors along with phasing out of dirty fuels in the residential and service sectors were found inadequate to limit the emissions level within the sink capacity. This is therefore suggesting the crucial role of electrifying the transport sector in Bhutan to live within their net zero carbon budget.
To examine the possible role of light rail transport in supporting the carbon neutral goal, model runs with a 'no LRT case' and 'LRT case' were compared under both the KBS and the GNH scenarios. The model results show that in the 'LRT case' there is a cost saving of US$51.42/tCO 2 eq and US$ 5.07/tCO 2 eq under the KBS and GNH scenarios respectively, while maintaining the emissions level below the sink capacity. This also demonstrates the attractiveness of light rail transport, attributable to its longer operational life and higher passenger carrying capacity despite its high upfront cost. The results show the promises of light rail transport in decarbonising the transport sector thereby leveraging the carbon neutral goal of Bhutan. Furthermore, with a dedicated right of way, light rail can decongest road traffic. A prefeasibility study initiated by UNCRD also found light rail to be promising for urban Bhutan (Hargroves et al., 2017) . Furthermore, a detailed project level costs and feasibility are being undertaken in an on-going parallel research activity. LRTs were also found to become cheaper than bus based transport when travel demand grows (IUT India, 2012) . The case of transport electrification can also be useful for other emerging countries where oil imports represent a high burden on their GDP.
Concluding Remarks and Policy Implications
The long term Bhutan-LEAP modelling exercise provided crucial insights into the carbon neutral goal of Bhutan and its implications for urban planning. The results showed that if Bhutan follows the 2014 BAU energyeconomy pathway, the associated emissions will exceed the sink capacity by 2044 and the aspiration for a high economic outlook can potentially derail Bhutan's carbon neutral path as early as 2037 if a similar BAU energy economic system gets locked-in. This is suggesting the need for policy intervention if Bhutan is to live within its carbon neutral budget. The urban planning implications are that electrification of transport is needed and this requires some interventions such as those outlined by (Newman, Davies-Slate, & Jones, 2017) . The model results indicate that there is economic benefit arising from introducing environmentally beneficial policies to maintain its carbon neutral status following a BAU pathway. Furthermore, even under the high economic outlook, the cost of carbon mitigation to hold the rising emissions is US$ 2.67/tCO 2 eq only. Nonetheless, Bhutan's hydropower-based electricity generation along with extensive forest cover seem to be the comparative advantage at present and together provide a future bastion of hope to uphold its carbon neutral goal. The hydropower provides clean electricity and the forest cover provide ecosystem support as well as acting as a carbon sink. These features will need to be preserved into the future. This study could be useful for the Bhutanese policy makers as the country strives to mainstream its low carbon strategy while it pursues a GNH paradigm and aspires to a better living standard. The article could be useful for emerging countries with similar aspirations to that of Bhutan to grow their economy with less emissions, though Bhutan pursuing GNH is unique in that it has shaped its policy making towards social and environmental goals as well as economic development. This article shows that GDP, GHG and GNH can be integrated under scenarios that also invite intervention, especially with electrified transport options. The article suggests there are hopeful scenarios that can be developed for emerging nations like Bhutan to meet the 1.5°C agenda along with the SDG's. 
Annex

A1. Data source
The base year energy consumptions were referred from the Bhutan Energy Data Directory (Department of Renewable Energy, 2015b). In case of techno-economic parameters of demand technologies, Bhutan specific data were used wherever available and the remaining data requirements were surrogated and adapted from the wider literature. For instance, data for transport sector were adapted from: City Bus Service (2015), Department of Renewable Energy (2015b), DoE (2010), , the Ministry of Information and Communications (2015), and Zhu, Patella, Steinmetz and Peamsilpakulchorn (2016) . Data for industry sector were obtained from: DoI (2015), Huisingh, Zhang, Moore, Qiao and Li (2015) , Kero, Grådahl and Tranell (2016) , NEC & TERI (2016) . Similarly data for residential and the commercial sectors were sourced and adapted from: Department of Renewable Energy (2012, 2015a, 2015b) and UNDP (2012). Techno-economic data for existing hydropower plants and on-going hydropower projects were obtained from relevant stakeholders (Druk Green Power Corporation, 2014; Indian Embassy, 2016; MHPA, 2016) . Data for wind power plant was imputed from Bhutan Power Corporation Limited (Personal communication, November 21, 2016) and for solar it was imputed from TERI (2015). Learning rates were imputed from Rubin, Azevedo, Jaramillo, and Yeh (2015) and . Yangka and Diesendorf (2016) and Zhu et al. (2016) . relates the current branch (containing the above expression syntax) to the other branch which contains the independent variable that is assumed to drive the growth of the dependent variable in the current branch within the elasticity value specified by the modeller. In the Bhutan LEAP model, the above expression syntax translates to the following equation when invoked to project demand in the demand branches.
A2. Data sets for Bhutan-LEAP model
Passenger transport
Demand(t) = Demand(t − 1) * driver(t) driver(t − 1) (Eq. (A.1))
The driver is the chosen macroeconomic parameter (such as GDP, per capita GDP, population, number of households, etc.) provided under the 'key assumption' branch. 
